Introduction
LGH0RHOOHULQJHWDO Only a few findings have been reported on the gene expressions that encode GS that catalyzes the final step of GSH biosynthesis. Mouse GS is induced by 1,10-phenanthroline, a typical metal chelating reagent, although its induction is not sufficient to cause apoptosis (Sun, 1997) . However, the physiological consequence of the 1,10-phenanthroline-induced GS expression remains to be elucidated. In the yeast Saccharomyces cerevisiae, the expression of the GS gene is increased by heat-shock stress in a Yap1p-dependent fashion, and consequently the intracellular GSH content is increased (Sugiyama et al., 2000a) . The increased synthesis of GSH in S. cerevisiae protects the mitochondrial DNA from oxidative damage that may lead to cell death (Sugiyama et al., 2000b) . The treatment of hepatocytes or rats with diethyl maleate, buthionine sulfoximine, tert-butylhydroquinone, or thioacetamide, which increases the expression of GCS subunits, then increases the GS expression, which accordingly increases the GSH synthesis capacity (Huang et al., 2000) . In this study, we investigated the regulation of the GS gene from the fission yeast Schizosaccharomyces pombe. (Q]\PDWLF DVVD\V 7KH γ-glutamylcysteine synthetase (GCS) activity was determined as previously described (Alton, 1985a) . Enzyme activity was determined at 37 o C in reaction mixtures of 1.0 ml that contained 0.1 M Tris-HCl buffer (pH 8.2), 150 mM KCl, 5 mM ATP, 2 mM phosphoenolpyruvate, 10 mM L-glutamate, 10 mM L-α-aminobutyrate, 20 mM MgCl 2 , 2 mM EDTA, 0.2 mM NADH, 17 µg of pyruvate kinase, and 17 µg of lactate dehydrogenase. The reaction was initiated by the addition of an extract. The absorbance at 340 nm was monitored.
Materials and methods

Chemicals
*OXWDWKLRQH V\QWKHWDVH *6 DFWLYLW\ ZDV GHWHUPLQHG E\ PHDVXULQJ WKH IRUPDWLRQ RI $'3 LQ UHDFWLRQ PL[WXUHV WKDW FRQWDLQHG WKH HQ]\PH DQG LWV VXEVWUDWHV $OWRQ E 7KH UHDFWLRQ PL[WXUH FRQWDLQHG P0 7ULV+&O EXIIHU S+ DW
4
& P0 SRWDVVLXP FKORULGH P0 /γ-glutamyl-L-α-aminobutyrate, 10 mM ATP, 5 mM glycine, 20 mM magnesium chloride, 2 mM EDTA, and extract in a final volume of 0.1 ml. The assay mixture was incubated for 2.5-30 min at 37 o C. To determine the amount of ADP, the reaction mixtures were treatedZLWK PO RIVXOIRVDOLF\OLFDFLGDQG PORI DVROXWLRQWKDWFRQWDLQHG P0 SKRVSKRHQROS\UXYDWH P0 1$'+ S\UXYDWH NLQDVH XQLW P0 PDJQHVLXP FKORULGH P0 SRWDVVLXP FKORULGH DQG P0 SRWDVVLXP SKRVSKDWH EXIIHU S+ 7KH DPRXQW RI $'3 WKDW ZDV IRUPHG ZDV FDOFXODWHG IURP WKH FKDQJH LQ DEVRUEDQFHDW QPWKDWZDVREVHUYHGDIWHUWKHDGGLWLRQRI PO XQLWRIODFWDWHGHK\GURJHQDVH 7KH β-galactosidase activity in extracts was measured by the spectrophotometric method using R-nitrophenyl-β-D-galactoside as the substrate (Guarente, 1983) . The protein contents in the extracts were measured by the method of Bradford (Bradford, 1976) .
Results and Discussion
Cloning of the S. pombe GS gene The S. pombe GS gene was previously isolated from a genomic library, and its coding sequence was revised (Mutoh et al., 1991; Wang et al 1997) .
To understand the physiological roles and regulation of the GS gene, it was cloned and characterized from S. pombe. Based on the reported sequence in the GenBank database, the genomic DNA that encodes the S. pombe GS was cloned by PCR. The genomic DNA was amplified with two synthetic primers that contained the BamHI and EcoRI sites, respectively. The two primers were designed to amplify the 506 bp upstream sequence of the GS coding region, which was used for the regulation study. The resultant plasmid pMGS9 harbors the 2,297 bp insert in the yeast centromeric vector pRS316. To determine the nucleotide sequence, two subclones were constructed using the unique HindIII site within the insert of pMGS9. Plasmid pMGS19 contained the BamHI-HindIII fragment, whereas plasmid pMGS29 contained the HindIII-EcoRI fragment. The original clone and the two subclones were subjected to automatic sequencing in Bionex Inc., Korea. The nucleotide sequence of the S. pombe GS gene was submitted to the GenBank under the accession number AF448236. The determined sequence was identical to the reported sequence (Mutoh et al., 1991) 
